Abstract. -Based on 28 individual catalogues, in which the positions of optical counterparts of extragalactic radio sources are listed, we compiled a combined catalogue by means of a weighted least squares adjustment. The catalogue is in the system of FK5/J2000.0. It consists of about five hundred sources, among which there are 56 primary sources with position uncertainties as 0".09. Comparisons show that the orientation differences between optical and radio frames are A 1 = -0".013 ± 0."012, A 2 = 0" . 077 ± 07012, A 3 = 07005 ± 0."009. Local relative deformations are not obvious within the precision of ground-based optical observations.
Introduction
The distant and compact extragalactic radio sources with almost no proper motions are ideal celestial bodies to im plement the quasi inertial celestial reference frames. Since the number of compact extragalactic radio sources is lim ited to several hundreds and most of them have very faint optical counterparts (about 18 mg), the radio celestial ref erence frame is only qualified as the first class quasi iner tial reference frame. Optical reference frame will be still widely used in practise. Therefore it is important to com pare the radio frame with the optical frame.
The fundamental method of this comparison is imple mented through observing common celestial bodies (e.g. extragalactic radio sources with optical counterparts) in the two kind of frames. By analyzing the observations of common objects, we can determine the orientation differ ences and the local relative deformations between radio and optical frames and then establish the linkage between them.
Some observations of optical counterparts published since 1960 are collected and analyzed in this paper. By systematic corrections and system transformation, the ob servations are unified to the system of FK5/J2000.0 and a combined catalogue consisting of 510 optical counter parts is deduced. Orientation differences and local rela- tive deformations between the combined catalogue and the IERS/VLBI reference frame are analyzed.
A brief introduction to the collected data
A lot of scientists have been devoting themselves to the comparison between optical and radio reference frames. Observations of optical counterparts of extragalactic ra dio sources have been published successively. Data col lected and used in this paper are listed in Table 1 , where Cols. 1 to 8 represent respectively the sequence number of data (Seq.), the author(s) (Author), the number of sources (Nb.), the declination range (Dec. Range), the formal uncertainties in right ascension and in declination (rms R The distribution of 510 optical counterparts at the epoch of B1950.0 in the Aitoff projection is shown in Fig.  1 , in which circles, triangles and asterisks represent respec tively the positions of 387 sources with one observation, 60 sources with two observations and 63 sources with more than two observations. From this figure it is clear that the sky coverage of the sources are deserved to be improved.
Unification of reference systems
Though most of the observations (in Table 1 ) are referred to Perth 70 or AGK3, which are based on the system of FK4/B1950.0, the system of FK5 /J2000.0 is presently the widely adopted fundamental system. Therefore, the observations should be unified to the system of FK5/J2000.0. The procedure of the transformation to FK5/J2000.0 has been thoroughly studied and results from related studies (Aoki et al. 1983; Kaplan 1981; Smith et al. 1989; Huang et al. 1991; Schwan 1985; Jin et al. 1991) are directly used in our calculation.
The compilation of the combined catalogue
After the systematic unification, remaining differences among individual catalogues are usually statistically stud ied by basing on a large number of common objects. But we cannot act the same way to deal with the observa tions of the optical counterparts because there are only a few common sources among individual catalogues. There fore a method used by IERS for merging of catalogues of radio source positions (Arias et al. 1988; IERS 1992 ) is applied in our computation, i.e. the remaining differences are expected to be further reduced by applying small an gle rotations among observations.
In order to secure that there are sufficient equations to determine unknowns and taking into consideration the sky coverage, the number of sources, the observation precision as well as the precision of reference catalogues, 28 individ ual catalogues listed in Table 1 are divided into definition, densification and complementary catalogues, correspond ing to sequence number from 1 to J, K to P and Q to R respectively. All the sources are classified into primary, secondary and complementary sources. Primary sources are those common to at least three definition catalogues; The coordinates (αi, σi) of the i th primary source in the combined catalogue and the relative rotations (A1j, A2j , Asj) from the jth definition catalogue to the combined one are determined simultaneously from a set of equations as follows:
-A\j cos ocij tan -A2j sin ocij tan 6{j Table 1 )
where (αij, δij) are the coordinates of the ith primary sources in the j th definition catalogue. The orientation of the combined catalogue is defined by the last three equa tions of Eq. (1).
Rotations of densification catalogues to the combined one are determined from primary sources. For comple mentary catalogues, which do not contain any primary sources, the rotations are based on secondary sources. Co ordinates of secondary and complementary sources are de termined by applying orientation corrections to individual catalogues.
All the calculations are weighted based on formal un certainties of observations. Residuals are tested by the X2-test (A small additive variance and a modest mul tiplicative factor are applied to compute the "true" stan dard errors and therefore to bring the reduced x2 close to unity). Equations are solved with the Singular Value Decomposition method (Press et al. 1986 ).
Orientation differences between each individual cata logue and the combined one are listed in Table 2 , from which it can be concluded that some of the angles are significant within the precision of ground-based optical observations. Coordinates of primary sources in the com bined catalogue are listed in Table 3 , where Cols. 1 to 10 show respectively the IAU designations of sources, the sta tus of sources, the coordinates, the estimate of coordinate uncertainties, the individual catalogue which contains the source, the type of source, the optical magnitude and other designation of the source.
Discussion
There are 510 sources in the combined catalogue (CAT.QSO), which is in the system of FK5/J2000.0. Inter nal precision is 0" .088, 0" .256, 0".377 in α cos δ and 0".093, 0".232, 0."374 in δ for 56 primary sources, 62 secondary sources and 392 complementary sources respectively. Ro tations from CAT.QSO to RSC (IERS) 93 C 01 (IERS 1993) based on the 56 primary sources are as follows: A1 = -0"013 ± 0"012, A2 = 0".077 ± 0".012, A3 = 0". 005 ± 0".009.
Studies by Arias et al. (1995) have shown that the FK5/J2000.0 is aligned with the IERS/VLBI reference frame to about 70 milliarcsec. Therefore, the above ro tation angles indicate that the 56 subset of the combined catalogue is reasonably tied to the FK5/J2000.0 system. 
